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The Sylvanite mine area lies along the axis of an early
formed anticlinal fold (Holmes, 1876; Thomas, 1980).
Sedimentary rocks are domed, intruded, and metamorphosed
by granodiorite of the White Rock pluton. The metasedimentary
rocks are altered to hornfels or skarn, lime-silicate, and quartz-
feldspar granulites, and migmatites rich in iron oxide and
sulfide minerals, epidote, pyroxene, garnet, scapolite, magnetite,
and hematite. Locally, pyrite makes up 50 percent of the rock.
The metasedimentary rocks are complexly intruded by dikes

and sills representing several varieties of igneous rock.
Mineralized fissure veins and later faults cut dikes, sills, and
earlier faults. Veins are more persistent in the granodiorite
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GEOLOGY OF THE SYLVANITE MINE AREA
By S.G. Zahony

pluton than in the metasedimentary rocks, yet the best grades
of mineralization (quartz-barite-pyrite-sulfosalts-native silver
veins) tend to be in the metasedimentary rocks directly above
their contact with the White Rock pluton. Quartz-carbonate-
arsenopyrite-pyrite veins in argillized wall rock dominate
above the most productive zones, whereas quartz-barite-
pyrite veins in chloritized wallrock dominate below the

productive zones (see Sylvanite mine, table 1). Mineralization
appears to be iclated to a deep-seated rhyolitic heat source,

much younger than the White Rock pluton, as veins of
comparable age locally cut 18.3%+.07 Ma rhyolite porphyry
dikes (Thomas, 1972b) east of the Sylvanite mine area.
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Figure 1.—Map of Sylvanite mine area showing major veins and underground workings. Contour interval 100 ft; dashed where
approximately located. Modified from unpublished mapping by S.G. Zahony (1985, 19864, b).
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Figure 2.—Mining claims, prospects, and areas of altered or mineralized rock in and near the White Rock pluton.
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geologic maps (U.S. Geological Survey GQ, MF, and C maps). Modified
from “Geologic map of Colorado” (Tweto, 1979).
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Elevation 12,779 ft

View northwest from east ridge of Perry Creek valley at about elevation 10,800 ft. Sketch by W.H. Holmes, 1873, in Hayden (1874).
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Diagrammatic sketch along northwest-southeast axis of White Rock pluton indicating approximate levels of
mapped units within and overlying pluton, and inferred positions of Elk Range thrust and roof of pluton. JKu,

undivided Jurassic and Cretaceous strata.

DESCRIPTION OF MAP UNITS

SURFICIAL DEPOSITS

Alluvial deposits (Holocene)—Unconsolidated stream deposits of silt, sand, and
gravel. Includes organic debris, soil, and hydrous iron oxides in pond, swamp,
and poorly drained fluvial environments, and glaciofluvial and lake deposits in
major river valleys

Alluvial fan and debris-flow deposits (Holocene)—Generally poorly sorted silt- to
boulder-size debris at mouth of tributary streams and gulches

Debris-flow deposits (Holocene)—Silt- to boulder-size debris deposited by flood
runoff in small drainage basins

Talus (Holocene)—Angular rock fragments forming talus cones, talus aprons,
scree, talus streams, and colluvium-covered slopes. Locally includes protalus
ramparts and extensive vegetated talus fields

Landslide deposits, undifferentiated (Holocene)—Many are shown only by
landslide or slump-scarp symbols within other map units

Landslide, slump, debris-flow, and earthflow complexes (Holocene and
Pleistocene?)—Locally includes block slides of sedimentary rock and
extensive earthflow tongues

Debris slopes, undifferentiated (Holocene and Pleistocene?)—Mapped only on
flanks of Crested Butte Mountain. Mostly forested talus, talus streams, and
protalus ramparts derived from the Crested Butte laccolith. Locally includes
landslides, rock falls, and avalanche debris. Talus fields on northeast flank of
mountain are furrowed by linear troughs and ridges possibly due to deep-
seated gravity slumping in underlying Mancos Shale

Rock glaciers (Holocene and Pleistocene?)—Active glacier-shaped deposits of
angular rock fragments, generally lacking fine-grained debris on upper surface.
Deposits form lobate, sinuous ridges and furrows oriented convex-transverse
to parallel with the direction of movement. Many terminate in steep fronts
shedding talus, sand, and silt. May contain interstitial ice and small bodies of
concealed moving ice. Includes both cirque and valley-wall types

Older rock glaciers (Holocene? and Pleistocene)—Inactive deposits of angular,
weathered rock fragments with tundra or subalpine vegetation. Some may be
morainal deposits

Moraine deposits, undifferentiated (Pleistocene)—Clay- to boulder-size, unsorted
till deposits with subangular to rounded clasts of bedrock derived from local
and distant sources. Forms hummocky topography and many lateral and
recessional moraines. Mostly of Pinedale age. Deposits of pre-Pinedale till are
locally present 1,200-1,600 ft (365-490 m) above valley floors

Undifferentiated surficial deposits (Holocene and Pleistocene)—Mostly colluvial
slope wash forming soil-covered, vegetated slopes. Locally includes talus and
glacial deposits. Many are characterized by solifluction and by mass creep,
slumps, small landslides, and earthflows on relatively unstable slopes overlying
shaly bedrock

INTRUSIVE ROCKS

Rhyolite porphyry dikes (Miocene)—Light-gray to yellowish-gray porphyritic
rock. Contains phenocrysts of quartz and alkali feldspar (1-8 mm long) and
sparse biotite phenocrysts (1-2 mm long) in an aphanitic to fine-grained,
aplitic to seriate porphyritic groundmass of quartz and alkali feldspar, and
disseminated grains of pyrite and fluorite. Alkali feldspar commonly hydro-
thermally altered to sericite. High rubidium and niobium content (Thomas,
1972a). K-Ar date of sericite 18.31+0.7 Ma (Geochron Laboratories for AMAX
Exploration, Inc., 1971; recalculated using 1976 IUGS constants)

Lamprophyre dike (Miocene?)—Dark-gray to greenish- or brownish-gray, fine-
grained porphyritic rock. Contains hornblende phenocrysts (1-5 mm long) in
groundmass of plagioclase, hornblende, biotite, potassium feldspar, and
opaque minerals. Chlorite, calcite, clay, and hematite occur as alteration
products. Mapped only near Triangle Pass in northeast corner of map area

Quartz monzonite porphyry and granodiorite porphyry (Oligocene)—Light- to
medium-gray or greenish- to brownish-gray rock. Contains potassium feldspar
phenocrysts (as much as 8 cm long) and phenocrysts of plagioclase, potassium
feldspar, quartz, biotite, and hornblende (0.5-7 mm in diameter) in a very fine
grained groundmass consisting largely of feldspars and quartz. Texture seriate
porphyritic. Forms dikes, sills, and laccoliths. Local chlorite-epidote-sericite-
clay-hematite deuteric alteration. K-Ar date of biotite from Crested Butte
laccolith 29.94+1.0 Ma (Obradovich and others, 1969; recalculated using
1976 IUGS constants). Frost-shattered boulder fields (felsenmeer) are
mapped as bedrock. Forest cover on the Snodgrass laccolith locally conceals
unmapped beds, or inclusions of Mancos Shale

Granodiorite (Oligocene)—Light- to medium-gray, or greenish-gray, medium- to
fine-grained, equigranular to seriate porphyritic rock composed of plagioclase,
quartz, orthoclase, biotite, hornblende, augite, and opaque minerals. Forms
White Rock pluton and dikes and sills. In White Rock pluton, fine-grained rocks
richer in dark minerals occur locally near contacts and as isolated clots and
inclusions; large areas of pluton show pervasive deuteric, chlorite-epidote
alteration. The granodiorite of the White Rock pluton ranges in composition
from quartz diorite to quartz monzonite (Gratton, 1958; Thomas, 1972a).
Biotite granodiorite and hornblende granodiorite are the predominant rock
facies exposed in the pluton, and may represent nearly contemporaneous
intrusive phases (Thomas, 1980; Zahony, 1986b). No internal contacts were
recognized except for hornblende granodiorite dikes that cut biotite granodiorite
dikes, and rhyodacite dikes that cut hornblende and biotite granodiorite dikes
in the Sylvanite mine area. Pink aplite dikelets locally intrude granodiorite.
Brecciated granodiorite occurs in many places along fractures, shear zones,
and dikes, bordering or grading into inclusions of Paleozoic metasedimentary
rocks (unit Tab), and in apophyses and border zones of the White Rock pluton.
Breccia is generally chloritically altered, locally pyritized, bleached, and weakly
silicified. Includes nonrotational breccia and breccia having a calcareous
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groundmass of comminuted granodiorite. Fractures or matrix commonly filled,
veined, or permeated with calcite, barite, and other minerals. The granodiorite
has an unusually high soda content (Thomas, 1972a), probably due to as-
similation of evaporite beds and lime-rich Paleozoic rocks. Campbell (1985)
inferred that the White Rock pluton is a conical body that widens at depth and
protrudes from a batholith about 16,000 ft (5 km) below the surface; he also
suggested that magnetically distinct areas within the pluton may represent
separate intrusions or altered mineralized areas. K-Ar date of biotite from
pluton in adjoining Hayden Peak quadrangle 34.8+1.0 Ma (Obradovich and
others, 1969; recalculated using 1976 IUGS constants). The Copper Creek
sill, though similar in appearance to the granodiorite of the pluton, differs
somewhat in texture and composition (greater quartz content at the expense of
plagioclase?)

Leucocratic granodiorite (Oligocene)—Light-bluish-gray to white, porphyritic
rock with anhedral to subhedral plagioclase grains (1-4 mm long) and rounded
quartz phenocrysts or blebs (5 mm long) in a microcrystalline monzonitic
matrix. Forms irregular-shaped, gradational body at summit of White Rock
Mountain

Altered granodiorite (Oligocene)—Bleached, pyritized, albitized, and brecciated
rock along fracture and shear zones in White Rock pluton. Not mapped
everywhere

Altered igneous and metasedimentary rocks, undivided (Oligocene)—Iron
stained; locally brecciated, silicified, mineralized, and chloritized. Includes
(1) contorted masses of Paleozoic metasedimentary rocks, (€) mixed breccia of
granodioritic and altered Paleozoic clastic rocks in a matrix of coarsely
crystalline calcite and pulverized rock with local barite and pyrite, and
(3) mixed breccia along sulfide-veined shear zones and in drill holes shown on
cross section A-A’

Altered blocks and inclusions of Paleozoic sedimentary rock engulfed by the
White Rock pluton (Oligocene)—Alteration effects range from hornfels facies
to migmatite and metasomatic skarn assemblages of calc-silicate minerals.
Smaller inclusions are generally brecciated, contorted, and altered to hornfels,
quartzite, and marble containing disseminations and veins of calcite, barite,
pyrite, siderite, epidote, chlorite, hematite, magnetite, and base metals. All
such inclusions are probably derived from the Gothic Formation (unit [Ry)

Metasedimentary rocks in drill holes (Oligocene)—Marble, hornfels, quartzite,
gypsum-anhydrite. and skarn. May represent detached blocks of the Gothic
Formation and underlying Belden Formation on northeast side of anticlinal
fold intruded by the White Rock pluton. Shown only on cross section A-A’

SEDIMENTARY ROCKS

Mesaverde Formation (Upper Cretaceous)—Subdivided into four units repre-
senting lower part of formation. Restricted to southwest corner of map area.
Thickness in map area about 720 ft (220 m)

Undifferentiated coal-bearing unit—Light-gray to white, thin- to thick-bedded,
fine- to coarse-grained lenticular sandstone interbedded with dark- to
greenish-gray shale and siltstone, carbonaceous shale, seven or more coal
beds <1-5 ft (<0.3—-1.5 m) thick, and a few thin, dark-gray limestone lenses.
Contains fossils of estuarine pelecypods, and carbonized palm, fig, and
sequoia leaves. Probably equivalent to the Paonia Shale Member of the
Mesaverde Formation. About 420 ft (130 m) thick
Coal bed

Sandstone unit B—Light-gray to yellowish-brown, very fine grained to fine-
grained, buff-weathering, calcareous, marine-littoral sandstone. About 80 ft
(25 m) thick

Transitional unit—Sequence of alternating, generally thin bedded, dark-gray
shale, sandstone, siltstone, and limestone of marine-littoral origin. Concealed
by alluvium in map area, and only shown on cross section C-C’. About 200 ft
(60 m) thick

Sandstone unit A—Light-gray to white, buff-weathering, calcareous, marine
sandstone. Probably equivalent to the Rollins Sandstone Member of the
Mesaverde Formation. About 20 ft (6m) thick

Mancos Shale (Upper Cretaceous)—Subdivided into three units. About 4,300 ft

o_— (1,310 m) thick
Main body—Mostly dark-gray, silty to sandy marine shale; poorly exposed.

Includes thin to thick lensing beds of siltstone and sandstone, a few thin
limestone beds, and zones of ironstone and limestone concretions. Contains
pelecypod, gastropod, and cephalopod fauna (Bryant, 1979). Transitional
with overlying Mesaverde Formation. At base includes a sequence (about
500 ft (150 m) thick) of dark- to medium-gray calcareous shale and thin to
thick beds of argillaceous limestone, or marlstone, that may be equivalent to
the Smoky Hill Shale Member of the Niobrara Formation. Locally occurs as
block slide or slump block separated from original position. About 4,000 ft
(1,220 m) thick

Fort Hays Limestone Member—Medium- to dark-gray, light- to bluish-gray-
weathering, marine limestone with partings and interbeds of shaly limestone
and shale. About 50-70 ft (15-20 m) thick

Lower member—Interbedded dark-gray, silty and sandy, calcareous marine
shale, siltstone, thin lenses of argillaceous limestone, and beds of fine-grained
quartzitic sandstone in basal part. Includes some fossiliferous calcarenite in
upper part that may be equivalent to the Juana Lopez Member of the Mancos
Shale. Gradational with Fort Hays Limestone Member and Dakota Sandstone.
Probably equivalent to the Carlile Shale of eastern Colorado. About 230 ft
(70 m) thick

Dakota Sandstone (Upper Cretaceous)—About 150-200 ft (45-60 m) thick.
Locally occurs as block slide separated from original position

Upper part—White to light-gray, mostly fine grained, thin-bedded to very thick
bedded, cliff-forming, in part carbonaceous, quartzarenite, or quartzite, with
shaly partings. Locally contains conglomeratic lenses. Gradational with
Mancos Shale. About 30-90 ft (15-25 m) thick .

Middle part—Thin to thick beds of dark-g;ay carbonaceous shale, and medium-
gray conglomeratic, quartzitic sandstone and siltstone. As much as 70 ft (20 m)
thick, but locally thin and inconspicuous

Lower part— Yellowish-gray to white, massive, crossbedded, locally friable, cliff-
forming, quartzitic sandstone. Conglomeratic lenses at, or near, base contain
mostly white, gray, and tan pebbles and granules of chert, quartz, quartzite,
sandstone, shale, and clay clasts. Deposited in marginal-marine and fluvial
environments as offshore bars, beaches, and lagoonal, swamp, and stream
deposits. About 10-90 ft (3-25 m) thick

Burro Canyon Formation (Lower Cretaceous)—Grayish-red and greenish-gray
mottled claystone, silty mudstone, and shale (about 50 percent) interbedded
with thin to thick beds of light-gray to white, fine-grained to very fine grained
quartz sandstone (about 35-40 percent), and greenish-gray and yellowish-
brown siltstone (about 10-15 percent). Gray to brown, lenticular, conglomeratic
sandstone (about 0-15 ft (0—4 m) thick) at base contains pebbles of gray,
brown, orange, and black quartz. Deposited by streams flowing from the west.
Formation mapped only where a basal conglomeratic sandstone was found.
Thickness about 0-70 ft (0-20 m)

Morrison Formation (Upper Jurassic)—Thickness about 350400 ft (105-120 m).
Percentages given for lithologies are from measured sections in Vanderwilt
(1937), Jackson (1957), and Langenheim (1957)

Upper part—Bright-varicolored, locally mottled claystone, siltstone, and shale
(about 65 percent) interlensed with green to light-gray, fine-grained, locally
argillaceous and cherty sandstone (about 30 percent); minor gray, thin- to
thick-bedded, generally silty, sandy, or argillaceous limestone and dolomitic
limestone (about 2-6 percent). Represents stream, floodplain, lake, and
volcanic ash deposits. Probably equivalent to the Brushy Basin and Salt Wash
Members. May include the Burro Canyon Formation (unit Kbc) in areas where
Burro Canyon was not mapped. About 270-320 ft (80-95 m) thick
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Lower part—Gray, microcrystalline, thick-bedded limestone and argillaceous
limestone (about 50-60 percent) containing fossil clams, charophyte algae,
and black chert interbedded with dark-gray shale and one, or more, thin to
thick beds of light-gray, calcareous, locally cherty and friable quartz sandstone.
Lower part may be partly marine in origin and equivalent to either the Curtis
Formation (Langenheim, 1957; Craig and others, 1959; Wright and Dickey,
1979), the Wanakah Formation (Hansen, 1971), or the Tidwell Member of the
Morrison Formation (Young, 1987; Bartleson and Jensen, 1988). About
50-80 ft (15-25 m) thick

Entrada Sandstone (Middle Jurassic)—White to yellowish- or pale-red, mainly
rounded to subangular, massive- and thick-bedded, cross-laminated quartz-
arenite, or quartzite. Contains sparse grains of chert and feldspar. Locally
includes coarse, feldspathic, conglomeratic lenses with quartz pebbles at base.
Probably represents eolian deposits. In Brush Creek area, the Entrada
Sandstone as mapped may include or be the Upper Jurassic Junction Creek
Sandstone. In the Jack's Cabin-Almont area, south of the Gothic quadrangle,
the Junction Creek Sandstone is the only formation present between the
Precambrian basement rocks and the Salt Wash Member of the Morrison
Formation (see Tweto, 1983). About 70 ft (20 m) thick in Brush Creek area,
thinning northwest to about 15 ft (4 m) thick in Virginia Basin; not recognized
in northwest corner of map area

Maroon Formation (Lower Permian and Upper and Middle Pennsylvanian)—
Grayish-red, reddish-brown, pale-red to white siltstone and sandstone
interbedded with conglomerate, mudstone, and limestone. Upper 2,000-
3,000 ft of the formation (exposed only in thrust sheets) include light- to dark-
maroon, red, gray, and white, generally calcareous and micaceous interbedded
sandstone, siltstone, mudstone, conglomeratic arkose, and arkosic con-
glomerate containing pebbles and cobbles of limestone, quartz, dolomite,
quartzite, chert, and Precambrian rocks, and a few thin to thick beds of micritic
limestone. Measured sections of lower 1,150 ft (350 m) of formation near
Copper Creek (Vanderwilt, 1937; Langenheim, 1957) are mostly (about 90
percent) red siltstone and red to white arkosic and feldspathic sandstone;
about 7-8 percent conglomerate containing pebbles mainly of white limestone
and some chert, quartz, and Precambrian plutonic and metamorphic rocks;
about 2-3 percent red to purple calcareous shale; and one, or more, thin
freshwater limestone lenses. Includes thin evaporite lens on divide northwest
of Twin Lakes about 300 ft (90 m) above base of formation. The Maroon
intertongues with the Gothic Formation. Mostly fluvial debris derived from
nearby rising highlands in an arid and semi-arid continental environment.
Coarser material deposited in alluvial fans grading to coastal plains and a
transitional marine environment (see Bryant, 1979; Bryant and Martin, 1988).
Formation completely removed by erosion south of Brush Creek, and partly
removed elsewhere, prior to deposition of the Entrada Sandstone (see cross
sections). About 4,000 ft (1,200 m) or more thick in thrust sheets that include
base of formation

Upper part of Gothic Formation (Middle Pennsylvanian)—Predominantly gray
to brown interbedded sandstone, limestone, siltstone, shale, and conglomerate
occurring in repeated sequences grading from coarse to fine clastics to
carbonate. Incomplete sections (840-1,200 ft (250-350 m) thick) of upper
part of formation measured near Copper Creek (Langenheim, 1952; Bartleson,
1972; Leighton, 1987; Levorsen, 1987) show about 59 percent gray to brown,
tan, grayish-red to greenish-gray, and white, very coarse grained to fine-
grained, very thin to massive and flaggy-bedded, locally crossbedded and
shaly, micaceous, generally calcareous arkosic sandstone, conglomeratic
arkose, and quartzitic sandstone. About 15 percent dark- to light-gray and
brownish-gray, fine-grained to microcrystalline, thin- to massive-bedded,
generally sandy, micaceous and argillaceous, fossiliferous, locally cherty,
biomicritic, stromatolitic, and oolitic marine limestone; silty, sandy, and
dolomitic limestone; dolomite; and karst breccia. About 13 percent dark-gray
to brownish- and yellowish-gray, red to pink, generally thin-bedded, micaceous
and calcareous, locally sandy, shaly, and fossiliferous siltstone. About 10
percent dark- to light-gray, greenish- and brownish-gray, red, micaceous,
generally calcareous, locally fossiliferous and carbonaceous shale, silty shale,
mudstone, and lime mudstone. About 3 percent white limestone-pebble
conglomerate and gray, brown, and red arkosic conglomerate containing
pebbles and cobbles of limestone, sandstone, shale, quartz, chert, and plutonic
and metamorphic rocks. Includes evaporites in basin northeast of Avery Peak
and in AMAX drill holes in Copper Creek valley. The formation is characterized
by lateral, vertical, and cyclic lithologic changes. Six, or more, cyclic sequences
grading from coarse to fine clastics to carbonate rock occur in large-scale,
repetitive, time-equivalent sequences in Copper Creek measured sections.
Represents fluvial to high-energy, nearshore marine sedimentation, including
fan deltas, tidal flats, marine shelves, shoals, and carbonate mounds bordering
rising highlands (Langenheim, 1952; Bartleson and others, 1968; Bartleson,
1972; Leighton, 1987; Levorsen, 1987). Formation irregularly intruded by the
White Rock pluton. Beds are locally metamorphosed to hornfels, granofels,
and quartzite. Maximum inferred thickness of incomplete sections in contact
with the White Rock pluton about 2,200 ft (670 m). A somewhat thicker
section of the upper part of the Gothic formation may be present in thrust sheet
north of Deer Creek

Bioherm (carbonate mounds) in Gothic Formation
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Coal bed—Dotted where concealed
Contact—Dashed where inferred. Many surficial contacts approximately located

——1— Fault—Dashed where inferred; dotted where concealed. Bar and ball on
downthrown side where relative movement known. Locally includes mineralized
veins

—A—A— Thrust fault—Dashed where inferred; dotted where concealed

A~~~ Shear zone—Dashed where inferred; dotted where concealed. Brecciated and
locally mineralized

————— Lineament—Interpreted from aerial photographs. May represent bedrock fracture
or fault

Folds—Dashed where inferred; dotted where concealed
Syncline

Overturned syncline
Anticline—Showing trace of axial plane and direction of plunge

Monocline—On west flank of inferred anticlinal flexure (Brush Creek area).
Showing crestline of steep dip and direction of plunge

Strike and dip of sedimentary beds
Inclined

Vertical

Overturned

e

Horizontal

o

Approximate—Shown within slump or landslide blocks

Landslide or slump scarp—Locally includes block slides or slump blocks of
sedimentary strata separated from original position

+—+++++++ Tension fissures (sackung trenches)—Probably represent large-scale gravitational
spreading, sagging, and separation of bedrock along deep-seated fracture or
joint planes following deglaciation. Both concave- and convex-downhill scarp
curvatures are represented. Many linear, closely spaced trenches and hanging
ridges break the northeast side of the Crested Butte laccolith (see Radbruch-
Hall and others, 1977)

++++++++ Incipient tension fissures—Most are inferred from aerial photographs

Linear troughs in surficial deposits—Probably represent slumping or landsliding
in underlying Mancos Shale due to large-scale gravitational spreading (see
tension fissures). Most are inferred from aerial photographs

“. = Generalized form patterns indicating mass movement of surficial debris
forming arcuate lobes and ridges—Solid arrow indicates talus stream;
dashed arrow indicates debris-earthflow tongue

L Rock-fall scar—Dotted arrow indicates extensive rock-avalanche debris

e o oo Morainal ridge of unit Om

e _ o _ ° Patches or thin mantle of glacial debris—Shown in areas not mapped as glacial
deposits
>—--  Adit—Dots indicate length of main tunnel
® >~  Elk Mountain coal mine
L] Shaft

Prospect

X
5 Quarry—Sand and gravel

{m> Mine dump
Drill hole—AMAX Exploration, Inc., drill-hole number and length in feet
4 g(_)g__. Slanted—Dashed line indicates surface projection
82394 Vertical—Drill holes 4 and 8
6 USGS fossil locality D-12719 (Baculites perplexus) —Lat 38°54'50" N., long
106°54'10" W.
Spring

OV~
o Thermal spring
>35>  Brecciated zone along fault, shear zone, or igneous contact—Most are iron

stained and often cemented with carbonate material. Shown only on cross
sections A-A’ and B-B’

Altered or mineralized rock—Shown only on cross section A-A’

ECONOMIC GEOLOGY AND GEOLOGIC HAZARDS

Mines in the quadrangle have yielded several hundred-thousand ounces of silver and some
coal (table 1). Vein silver, lead, copper, zinc, and gold; small deposits of metasomatic iron and
cobalt-nickel-iron arsenates; anomalous values of molybdenum; and areas of pyritized rock occur
within the Gothic quadrangle (in area of fig. 2). Stockwork molybdenite deposits in the adjoining
Oh-Be-Joyful quadrangle (Mutschler, 1964; Thomas and Galey, 1982), and other occurrences of
molybdenum in adjacent quadrangles (Mutschler, 1970; Bryant, 1979), indicate a favorable
environment for this metal in the Gothic quadrangle. Explorational and geophysical data indicate
that the White Rock pluton protrudes from an underlying batholith, is more intensely altered and
mineralized at depth, and represents more than one period of emplacement (Thomas, 1972b;
Campbell, 1985). About 150, or more, mining claims have been filed in the quadrangle but most
w;te never patented, and many early claim locations are unknown (Weisner and Bieniewski,
1984).

Anthracite and semianthracite coal have been mined from two beds in the Mesaverde
Formation in the southwest comner of the quadrangle (see table 1; Gaskill and others, 1967,
1986). No exploratory wells for oil and gas have been drilled, and no traces of petroleum residue
have been reported in the quadrangle. The sedimentary rock sequence probably contains many
structural and stratigraphic closures, but the proximity of igneous intrusion suggests an
unfavorable environment for petroleum resources. Thermal springs near Twin Lakes and in
adjoining quadrangles indicate a marginal, or local, potential for geothermal energy development.
Other mineral resources include extensive reservoirs of ground water (Giles, 1980), large
deposits of sand and gravel, many varieties of sedimentary and igneous rock useful for
construction material, and perhaps peat in wet-meadow environments.

This region is highly vulnerable to numerous naturally occurring and humanly assisted
geologic hazards (Rogers and others 1974; Radbruch-Hall and others, 1977; Martinelli, 1974;
Mears, 1979). Most can be mitigated by prior recognition, avoidance, wise land use, and
engineering techniques. High-risk areas often show clear evidence of past, and periodic,
destructive events including landslides, earthflows, snow and rock avalanches, and flood debris.
Earthquakes can trigger any of these hazards, especially in areas of high relief and complex
structure such as the Crested Butte-Gothic area (see Kirkham and Rogers, 1981). Landslides and
periodically active earthflows, and potentially unstable ground (on slopes that are parallel to
sedimentary rock bedding planes and on slopes that are underlain by shaly bedrock) cover
extensive areas in the quadrangle. Flash floods in small, steep drainage basins concentrate
potentially destructive, high-velocity debris flows toward the mouth of such drainages (see Mears,
1977). Geologic hazards in this area have been studied in detail by the Colorado Geological
Survey (Soule, 1976).
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